Introduction
Polymitotic divisions of microsporocytes have been observed in maize (Beadle 1929 (Beadle , 1931 and in the spider plant (Koul 1970) . After a series of genetic studies in maize, Beadle described five genes that affect meiotic chromosome bahavior: these are the asynaptic gene (as), failure of cytokinesis gene, sticky chromosome gene (st), the variable sterile 1 gene (va 1), and a gene responsible for super numerary cell division following meiosis which Beadle (1929 Beadle ( , 1931 termed the polymitotic division gene (po). The latter is a simple recessive that is expressed only in the gametophytic generation (Beadle 1931 ). The present study shows a similar phenomenon in Clarkia interspecific hybrids.
Materials and methods
Seeds were collected from many natural populations of Clarkia lassenensis and C. amoena ssp. huntiana. These two diploids are endemic to northern Cali fornia and adjacent parts of Oregon and Nevada. Greenhouse grown progenies were reciprocally cross-pollinated when the stigma of the emasculated female parent became receptive. From the several thousand pollinations made, only few FI diploid hybrid seeds were obtained. They were germinated and reared in the green house for cytological studies of their roottips and flower-buds. Following fixation in 1: 3 acetic-alcohol, bulk staining was made using alcoholic-HCl carmine (Snow 1963) . Pollen viability was estimated from counts of pollen grains which stained with cotton blue in lactophenol.
Results
Normally pollen tetrads contain four microspores in each. However, inter specific hybrids between Clarkia lassenensis and C. amoena ssp. huntiana showed as many as 13 cells from a single microsporocyte. Six were the most frequent (52.7%) while the expected tetrads were in a minority (11.1%). The resulting cells varied in size, number of chromosomes and nucleoli within each. The increase in their number resulted from two main factors, i.e., meiotic irregularities and post meiotic supernumerary divisions. The chromosome number in these hybrids was 14 representing a combination of two sets of 7 chromosomes, one from each diploid parent. These two genomes were not homologous and genuine synapsis and chiasma formation was not observed in PI-MI stages. In a few meiocytes, non-homologous association occurred be tween two or more univalents. The majority of MI plates exhibited 14 univalents . Their segregation at AI seemed random resulting in multiple spindles and laggards during the first meiotic division and formation of micronuclei and general increase in number of nuclei above the expected 4 at TII (Abdel-Hameed 1971) .
Following meiosis, two or three post-meiotic mitoses took place immediately after TII and long before pollen mitosis. In each of these supernumerary divi sions, the nuclear chromatin was organized into a number of chromosomes that varied from 1-14 mitotic entities. Interestingly, these chromosomes resembled those of colchicine treated mitosis (C-mitosis) especially so in their condensed condition and their well separated sister chromatids. Even though the chro mosomes in the majority of these cells were grouped around the nucleolus as if they were on metaphase equatorial plate( Fig. 1 ), some were scattered at random. Furthermore, normal mitotic metaphase auto-orientation and spindle formation were not observed. Nevertheless, they completed the course of division and developed into nuclei of varying sizes. Some cells of the same group showed asynchronous nuclear divisions and appeared binucleate.
The end result was the formation of groups of cells exceeding 4 in each and forming as many as 13 pollen grains from a single microsporocyte (Figs. 2, 3, 4) . Such cells have been identified as "microcytes" by Beadle (1931) . Most of them were not stainable (Table 1) indicating that they were unbalanced abortive gametes. migenia, one of ten sections in the genus (Lewis and Lewis 1955) . The gene pools of these two diploids are well separated by a multitude of efficient prezygotic and postzygotic isolating mechanisms (Abdel-Hameed 1970) . Lewis and Lewis (1955) lucidly illustrated that barriers to gene exchange between many Clarkia species are extremely well developed. Of the several thousand interspecific pollinations they made, involving at least 202 species combinations, only 55 combinations produced viable hybrids. Additional crosses in Clarkia have been made by several other workers. The vast majority of interspecific hybrids that were produced showed a great reduction in fertility. The basis of this low fertility in Clarkia interspecific hybrids lies primarily in the extensive structural rearrangement of the chromosomes of most species resulting in highly irregular meiotic behavior of the hybrids (Lewis 1953 , Lewis and Lewis 1955 , Lewis and Raven 1958 . Meiotic irregularities observed in diploid interspecific hybrids between C. lassenensis and C. amoena ssp. huntiana resulted, in part, from univalent pseudo-associations, pre cocious division and fragmentation prior to MI (Abdel-Hameed 1971) . Supernumerary divisions of the microsporocytes has been studied extensively in maize (Beadle 1929 (Beadle , 1931 and was also observed in the spider plant (Koul 1970) . Even though such supernumerary or polymitotic divisions were observed in Clarkia interspecific hybrids and are similar in their general features to those in maize and the spider plant, they are most likely the product of a very different genetic system. In these Clarkia interspecific hybrids, abnormalities in the regulating mechanisms of cell division are most likely to result from genic disharmony between the two parental sets of chromosomes than from a simple Mendelian recessive as is the case in maize (Beadle 1929 (Beadle , 1931 . Furthermore, the extremely irregular meiotic chromosome behavior in these hybrids (Abdel-Hameed 1971) leads to an increase in the number of nuclei at TII, consequently overlaps in its effect with supernumerary divisions. This makes it difficult to distinguish the effect of each on increasing the number of microcytes. The very low pollen fertility observed in these hybrids is understandable under conditions combining both meiotic irregularities and poly mitotic divisions. 
